Even though of relatively short duration (approximately 4 h/sow/reproductive cycle), the time stockpersons spend in contact with reproductive sows and their piglets is of very high importance since it may influence both performance and welfare of the animals. During this time, numerous human-pig interactions occur, especially around birth, breeding and farrowing. These interactions can be qualified as positive, neutral or negative from the animal's perspective. In the present chapter, the literature regarding all types of handlings of sows and their litters is reviewed. Firstly, the immediate and long term effects that painful husbandry practices could have on suckling piglets and on their relationship with humans, as well as the effects that those practises could have on sows when performed nearby, are covered. Then, the consequences of interactions with sows that distinguish between handling during transfer and handling associated with breeding, farrowing supervision and other management tasks are discussed. The consequences of handling type on the reactions of sows and piglets to humans and the possible impacts of this handling on reproductive performance are evaluated. Finally, the question of new practices that could be developed to overbalance the negative interactions inherent to pig management systems, notably by using knowledge of the way animals express their needs or state, are addressed. This review clearly demonstrates the reciprocal effects of humananimal interactions on pigs and humans with consequences not only on performance but also on pig welfare and human satisfaction at work.
Introduction
In 2009, the average number of hours a stockperson spent handling one reproductive sow was approximately 14 h in conventional farms in France (Roguet et al., 2011) . This duration included tasks devoted to pigs after weaning, as well as tasks with no contact with the animals (cleaning and disinfecting the pens, maintaining and repairing equipment between batches, business tasks), but did not include time devoted to onfarm feed production and to management of pig dejections. It can be estimated that, in conventional piggeries, a stockperson spends less than 4 h per reproductive sow during one cycle including breeding (less than 1 h for oestrus detection and artificial A. Prunier and C. Tallet insemination), farrowing supervision and routine practices applied to the piglets in the litter (about one hour), and monitoring of feeding and health, transfer from one pen or building to another (Roguet et al., 2011) . However, when a stockperson is working with a sow, the neighbouring sows may also be influenced by the stockperson's behaviour and by the reaction of the sow he/she is working with. This time spent by stockpersons in contact with reproductive sows and their piglets is of very high importance since it may influence both performance and welfare of the animals (Hemsworth, 2003; Kirkden et al., 2013; Rushen et al., 1999) .
Human-pig interactions can be characterized as positive, neutral or negative from the animal's perspective (Hemsworth, 2003; Rushen et al., 1999) . Such classification depends on the nature of the interaction and the way the animal perceives it. When the interaction contains fear-provoking elements, such as large size, loud noise, shouts or sudden movements of the stockperson or when it induces pain like during some practices inherent to husbandry routines (for example injection or tail docking), it can be considered as negative or aversive for the animals (Hemsworth, 2003; Rushen et al., 1999) . Some of the human-pig interactions can be considered as neutral if they don't contain these pain or fear provoking elements. Such examples would be cleaning and monitoring the material or the animals. These tasks offer the opportunity to habituate the pigs to the presence of people and hence to reduce their fearfulness. The human-animal interactions are positive if they consist in pleasant elements like stroking, speaking softly, or when the stockperson is associated with positive elements, such as distribution of food (Boivin et al., 2003; Sommavilla et al., 2011) . Finally, some tasks like transferring the sows from one pen or building to another can be positive, neutral or negative depending notably on the way animals are handled by stockpersons. This can be done gently (use of soft voice, friendly slap etc.), neutrally, or roughly (use of shouts, electric prod, etc.). In modern conventional piggeries, occasions for neutral and positive interactions are less and less frequent due to the automation of feeding and other tasks as well as to the extensive use of slatted floors that minimizes the cleaning tasks. Therefore, the animals' direct experiences with stockpersons are biased increasingly towards negative interactions. The consequences can be so much more pronounced that pigs seem to generalize aversive experiences with one handler to all people (Hemsworth et al., 1994 (Hemsworth et al., , 1996b . Moreover, it was observed that inconsistent handling with a minority of aversive interactions among positive interactions was as effective at inducing fear from humans as consistent aversive interactions (Hemsworth et al., 1987) . Even though the aversive handling was extreme (brief electric shocks with an electric prod), these data suggest that occasional negative experiences can have a significant impact on the way that pigs perceive people. In addition, the unpredictability may cause stress anticipation to human presence (Boivin et al., 2003) .
The aim of the present chapter is to review research on human-animal interactions focussing on the reproductive sow. The influence of such interactions occurring throughout the life of sows is taken into account and their consequences in terms of behaviour, physiology and performance are evaluated. Lastly, the question of improving the situation with a special emphasis on a better comprehension by stockpersons of the signals that pigs emit to express their needs is addressed.
Endocrine and behavioural responses of sows to human interactions

Handlings of suckling piglets
Numerous husbandry practices are routinely applied to very young piglets. They comprise surgical castration in males, tail docking, teeth clipping, iron injection, ear notching, tagging or tattooing in both sexes. Moreover, piglets are often handled at birth, especially in farms where farrowing is supervised, with the aim of decreasing neonatal mortality. All these procedures may have an impact on the piglets but also on the sows as they react to handling of their progeny.
Impact of painful husbandry practises on suckling piglets
Shortly after birth, piglets may be handled for removal of placental envelopes and mucous from the nose and mouth, for drying with paper towels or 'cotton' , for placing them at the mammary gland or under the heat lamp. Such handling generally improves the survival rate of piglets even though the positive effect of drying is questionable (Andersen et al., 2009; Holyoake et al., 1995; Kirkden et al., 2013) . Such practices, especially drying, may be aversive for the piglets and hence may influence their subsequent behaviour. To our knowledge, there is no data in pigs to substantiate this hypothesis, but data in foals have shown that prolonged aversive handling just after birth (restriction and maintenance in a recumbent position, exposure to novel tactile stimuli) modified the way foals responded to a stressor when they were adult (Durier et al., 2012) .
Tooth resection of the superior and inferior canines and of corner incisors (8 teeth in total) is very common in conventional farms (Fredriksen et al., 2009) . It is usually performed within a few days after birth, together with other routine practises such as iron injection, tail docking and sometimes castration. It is carried out by clipping teeth with pliers or grinding them with a rotary grindstone. Tail docking is also very common except in some countries where it is restricted by regulation (Fredriksen et al., 2009) . Tail docking is carried out with scalpels, scissors/wire cutters or by cautery with a hot iron. The proportion of the tail that is removed by docking is variable: from only the tip of the tail to up to ¾ of the tail or more. Ear tattooing, ear notching (V-cut performed with a notcher) or ear tagging (plastic tag applied with an applicator) are quite common in farms rearing pigs for reproduction in order to identify them. Iron administration is systematic in conventional farms. It can be performed by oral route or by intramuscular injection. Surgical castration of male pigs is very common although its application varies a lot between countries (Fredriksen et al., 2009) and is highly debated, at least in European countries. It is usually performed during the first days or weeks of postnatal life. Some pig producers carry out castration at birth or the day after, together with tail docking, iron injection and teeth resection. One or two incisions of the scrotum are realized with a sharp scalpel or scissor. Each testicle is freed from surrounding tissue, externalized and removed either by cutting or pulling/tearing the spermatic cord. In order to perform any of those husbandry practises, it is needed to catch the piglet and to force it to stay immobile. Such handling is in itself stressful for the piglets and induces vocalizations as well as defence movements (Marchant-Forde et al., 2009; Torrey et al., 2009; Weary et al., 1998a) .
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Behavioural data recorded during and after these various husbandry procedures as well as endocrine data suggest that they are painful, with surgical castration inducing the most severe pain (Hay et al., 2003; Marchant-Forde et al., 2009; Noonan et al., 1994; Prunier et al., 2005; Sutherland et al., 2008; Torrey et al., 2009; White et al., 1995) . In European countries, pig producers have started to use a pharmacologic agent to relieve pain at castration using an analgesic injection (meloxicam) before castration and/or a general anaesthesia performed by CO 2 or isoflurane, or a local anaesthesia with lidocaine (Anonymous, 2010; Fredriksen et al., 2009) . However, even if those methods mitigate pain, they are not fully effective and animals can still feel some discomfort or even pain (Prunier et al., 2006; Von Borell et al., 2009 ). In addition, other husbandry procedures are usually performed without any treatment for pain relief (Fredriksen et al., 2009) . Since these aversive experiences are paired with the presence of human, they can contribute to develop fearfulness of pigs towards humans. This is of special importance for female piglets that are reared for reproduction and are submitted to the same practices as other piglets. To our knowledge, there has been no attempt to measure the long terms effect of those painful handlings of newborn piglets.
Impact of non-painful interactions on suckling piglets
In addition to the influence of husbandry practices, the quality of human contacts during routine activities (cleaning, feeding, animals' inspection) may influence the behaviour of the piglets on a short and long term basis. For example, suckling piglets submitted regularly to negative human interactions (speaking with aggressive tone, moving piglets, demonstrating postural threats) expressed, on the day of weaning, more avoidance reactions towards the person that performed the handling, than piglets submitted to neutral interactions (little attention to the sow and piglets, soft tone of voice) (Sommavilla et al., 2011) . However, when piglets were observed in the presence of an unknown person, there was no difference in avoidance reaction between the two groups. In the days following weaning, piglets that were subjected to the aversive human interactions were more aggressive and rested less frequently compared with piglets that had received neutral interactions. However, there was no difference in growth rate and feed intake between the two groups.
There have been very few attempts to measure the long terms effect of those negative ways of handling piglets. However, some data showed that fear of humans in an early age may have negative consequences on later reproduction. Indeed, sows that expressed a high fear of humans at 8 wks of age had lower reproduction success than those that were less fearful at the same age (Janczak et al., 2003) . In this experiment, the authors reported that most of the animals' interactions with humans were negative (rough handling) from birth. This suggests that early experience may have long term consequences.
Human handling may also be positive, but studies on the influence of positive handling of piglets are rare. To our knowledge, only Hemsworth and his collaborators worked on this topic. This may be due to the difficulty to handle very young animals, and to the possible interference due to the presence of their mother. However, the first days/weeks of postnatal life are known to be a sensitive period that favours the development of social
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links with long term effects (Bateson, 1979) . Indeed, providing piglets with stroking and petting during the first three or eight weeks of life induces a positive attraction to humans compared with an absence of such contacts (Hemsworth and Barnett, 1992; Hemsworth et al., 1986b) . Between 10 and 18 wks of age, handled piglets approached humans sooner and interacted more with humans than non-handled animals. Moreover, positivelyhandled boars expressed more sexual behaviours compared with non-handled boars and had ejaculations which lasted longer at 6-7 mo of age.
Impact on the sows of painful husbandry practices applied to piglets
During painful husbandry procedures applied to piglets by stockpersons, animals usually demonstrate defensive behaviours and vocalizations (Hay et al., 2003; Marchant-Forde et al., 2009; Noonan et al., 1994; Prunier et al., 2005; Sutherland et al., 2008; Torrey et al., 2009; White et al., 1995) . These vocalizations can have specific features, as shown after surgical castration (Puppe et al., 2005) . They signal to the dam a need from the piglet and hence are supposed to elicit a reaction from her (Weary and Fraser, 1995) . Since these negative experiences are paired with the presence of humans, they can contribute to develop aversive reactions of the sows towards humans. On a very short term basis, sows may react to handling of their piglets by aggressive reactions towards the stockperson. On a longer term basis, sows may become more restless, suspicious and aggressive towards humans even though scientific data are missing to substantiate this hypothesis.
Handlings of gilts and sows
Reproductive sows are currently submitted to various types of handling by humans: injections for vaccination or pharmacological treatments, transfer from one pen or building to the other, detection of oestrus, artificial insemination, and extraction of piglets during farrowing. These handlings are aversive as they induce pain, even of a low intensity, and may impose psychological stress, for instance when it is necessary to restrict the animal in a corner of the pen (group-housed animals receiving an injection). A pain component is necessarily associated with some handling practices, like injections for vaccination, whereas other handlings, such as transfers, can be neutral, aversive or even positive depending on how they are performed by the stockperson. Therefore, in this chapter, we will evaluate separately the impact of handling at transfer from one pen/ building to another and the impact of other management practices. We will also evaluate the impact of positive handlings that can be performed with the specific aim of improving the human-animal relationship.
Transfer of gilts and sows
Transfer to either farrowing crates or to the insemination room after weaning is a routine management procedure that occurs many times in the sows' life. The perception of the situation by sows depends on the conditions. Indeed, this transfer can be performed in groups or individually, roughly or calmly, for short or long distances. Transfer in groups A. Prunier and C. Tallet has the advantage of preventing the animals from the stress of being isolated. There are many tools that stockpersons can use during the transfer in order to facilitate the process. Some tools like electric prods are very aversive to the pigs (Gonyou et al., 1986; Hemsworth and Barnett, 1991; Hemsworth et al., 1996a) . Fowler (2008) proposed the use of sticks or shields which are much less aversive. Stockpersons may also simply use their body to direct the animals: they can place themselves behind the animals, speak loudly, and push them with the hand. The effectiveness of these various methods is not clear, and their use would depend on the habits of the stockperson. However, pigs were shown to be sensitive to the posture of humans (Hemsworth et al., 1986c; Miura et al., 1996; Nawroth et al., 2014) , and thus the human position and posture may impact the ease of transfer. The response of pigs to human voice is not known but pigs are stressed by high-pitched and/or loud sounds (Eguchi et al., 2007; Weeks, 2008) , and thus speaking loudly or shouting may negatively impact the transfer. Pigs are also sensitive to human tactile contacts (Hemsworth and Coleman, 2011) and could be affected by being pushed by a shield or hands. These contacts may not facilitate the transfer since it was shown that the speed of transfer was negatively correlated with the number of pushings done by the stockperson (Lensink et al., 2009a ). However, a greater incidence of pushing could be the consequence rather than the cause of a difficult transfer. Beside human behaviour, the configuration of the route may impact the ease of transfer (Grandin, 2010) .
To our knowledge, physiological and behavioural data measuring the level of stress perceived by the animals during routine transfers in the piggery are not available. However, it is well known that using electric prods (Gonyou et al., 1986; Hemsworth and Barnett, 1991; Hemsworth et al., 1996a) increases the release of cortisol and it is likely that any rough handling (shouts, kicks…) is stressful for the animals.
Impact of other husbandry tasks
Sows are repeatedly handled for various husbandry tasks. These human-animal interactions can be aversive to the animals for two reasons: they are either painful by themselves (injections with needles for example) or the handling is accompanied by shouts, snaps, hits, kicks. When these interactions are not painful by themselves, such as oestrus detection or pregnancy diagnosis with ultrasounds, they can be neutral or positive depending again on the behaviour of the stockperson.
When sows are kept outdoors, it is common to insert a nose-ring in order to prevent them from rooting and damaging the pastures. It is an efficient procedure for that purpose but it modifies the behaviour in a way that suggests reduced welfare (Horrell et al., 2001) . It is likely that the procedure of nose ringing is painful and that the animal will again associate human handling to pain but scientific data are missing to substantiate this hypothesis.
Sows are often vaccinated by injections and it is probably aversive. Indeed, a subcutaneous injection of saline in the elbow of cyclic gilts or lactating sows was shown to increase circulating cortisol concentrations, indicating a stress reaction (Robert et al., 1989) . The procedure of injections may also increase the fear of humans. Indeed, after three weeks of daily intra-muscular injections of saline to growing pigs, pigs were less confident to
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approach a human than pigs that did not receive any injection (Hemsworth et al., 1996a) . For example, the withdrawal distance was increased, the orientation of the head towards a human was decreased and the time to interact with a human was increased in injected pigs compared with control pigs.
In conventional farms, most sows are bred by artificial insemination. Two techniques are widely used, namely, deposition of the semen in the cervix or in the uterus, several centimetres beyond the cervix. In both situations, the catheter is fixed in the cervix with a thickened head in a flexible material. It should be done gently in order to avoid injury. However, the presence of blood on the catheter tip at withdrawal or in backflow semen is common (Sbardella et al., 2014) . This is especially true in the case of intrauterine insemination, as shown by the presence of blood in more than 20% of sows inseminated with this technique. To our knowledge, it has not be evaluated whether the trauma associated with the entry of the catheter is painful or not but it can be suspected that it is.
Impact of positive handlings
Many breeders make special efforts to socialise their gilts with humans by giving them additional contacts and spending time within the groups of females. They hope this will lead to long term advantages in their relationship with their sows so that they would be easier to handle and less reactive to the presence of humans around farrowing, thereby facilitating observation and care to piglets. Sows are gregarious and they may rapidly become gregarious towards humans. For instance, Dellmeier and Friend (1991) suggested that human mimicry of sow's social greeting (i.e. sow-sow greeting) could reduce aggressive responses. Remaining passive to the approach of a vocalizing sow will give her the possibility to investigate and touch the person, and this would help the sow to form a positive perception of humans.
Positive handling consisting in soft tactile, visual and auditory contacts during the last days of pregnancy can be effective in rapidly increasing the approach reactions of sows towards the handler. Some parts of the body would be more sensitive than others, even if this has not been scientifically tested yet. Such positive handling would be even more efficient when sows are fed. Dellmeier and Friend (1991) took the example of extensively reared sows to claim that sows can be readily tamed by gentle touching and scratching or stroking. Indeed, it was demonstrated that one minute of contact per day was sufficient to increase the percentage of sows approaching the handler from 33 to 83% seven days later (English et al., 1999) . Approach reactions of gilts also increased very rapidly with such contact but the level remained lower (59%) than for more experienced sows (English et al., 1999) . Giving a food reward (a nut) in addition to 1-min of tactile contact during 10 d at the end of pregnancy was also shown to improve the confidence score in humans (Andersen et al., 2006) .
The effects of positive handling on maternal behaviour are not clear. Generally, authors reported no effect on nursing behaviour, posture changes or piglet mortality (Andersen et al., 2006; English et al., 1999) . However, English et al. (1999) found that positive handling of sows decreased the interval between births, and this depended on the parity. In a more recent study, Andersen et al. (2006) saw no clear influence of positive handling at the end of pregnancy on the duration of farrowing. However, within the group of control sows (sows without additional positive contacts), they observed that females having a higher confidence score at the end of pregnancy tended to have a shorter farrowing duration. Within the group of positively-handled sows, a similar difference was observed but it was less marked as if the positive handling procedure had partly compensated for the low confidence score observed before its application. Therefore, a positive perception of humans (either spontaneous or after extensive positive handling) may facilitate the farrowing process.
Parity effect on the sow's reactions to handling
Parity may affect the responses of sows to handling procedures, likely due to a learning process. Yet, there is no general rule on the effect of parity since very few studies were carried out. In some cases, sows react less to humans with advancing parities. For instance, fear of humans seems to decrease with parity, gilts being less receptive (i.e. expressing less attraction toward humans) to friendly contacts than sows in their third parity (English et al., 1999) . Primiparous sows also react more quickly than multiparous sows to handling of their piglets by a human (Held et al., 2006) or to the playback of screams of piglets being handled by a human (Hutson et al., 1992) . They may learn that there is no negative consequence of this handling situation, thereby becoming less reactive with time. Evidence of such a learning process was also shown in 90 kg-pigs, where training pigs to be transferred decreased their stress responses and increased the speed of the transfer procedure (Lewis et al., 2008) .
In other cases, a greater parity number was associated with higher withdrawal responses in a human approach test, higher speed of transfer to the farrowing pen, and lower number of baulks (Lensink et al., 2009a) . The higher withdrawal responses clearly indicated greater fearfulness of humans in older sows. The higher speed of transfer was also likely related to greater fearfulness since fearful animals may move more quickly in order to escape the stockperson who is behind them. This hypothesis is supported by the positive correlation reported between the speed of transfer and the withdrawal responses (Lensink et al., 2009a) . The negative correlation observed between the number of baulks and the withdrawal reactions also supports that the lower number of baulks observed in higher parity sows was a sign of greater fearfulness. The observation of an increase in the withdrawal response to humans with advancing parities is in agreement with findings from Hemsworth et al. (1999) but opposite to those of Grandinson et al. (2003) and Vangen et al. (2005) . The positive or negative influence of parity on fearfulness at a given age, likely depends on the quality of the interactions until that age. It can be hypothesized that if the balance between negative and positive interactions with humans is clearly biased towards negative interactions, the animals become more and more fearful of humans.
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Impact of human-animal interactions on reproductive performances
It is generally accepted that some stockpersons are able to achieve much better reproductive performance of pigs than others despite similar genetic background of the animals, similar housing, and similar general characteristics of the farm management (e.g. feeding, batch farrowing…). This is substantiated by the observation that reproductive performances vary between integrated farms having very similar management characteristics (Hemsworth et al., 1981b; Ravel et al., 1996) . Such differences are generally attributed to the quality of the stockmanship that refers both to technical skills and to the quality of the interactions existing between the stockpersons and the animals (Kirkden et al., 2013) .
Quality of the human-animal interactions is supposed to influence the level of fear, and hence the stress level of the animals. With regard to reproduction, a high level of fear stimulates the adrenal axis which in turn inhibits the hypothalamo-pituitary-ovarian axis (Hemsworth, 2003) . The relationship between the level of fear and the reproductive performance of pigs has been evaluated either at the farm level (Coleman et al., 2000; Hemsworth et al., 1981a Hemsworth et al., , 1989 Hemsworth et al., , 1999 or at the animal level (Janczak et al., 2003; Lensink et al., 2009a,b) . At the farm level, significant relationships between indicators of fearfulness measured during pregnancy (Hemsworth et al., 1981a) or during lactation (Hemsworth et al., 1999) were observed. In addition, it was demonstrated that the number of very negative interactions (e.g. forceful slaps) observed during regular tasks (e.g. cleaning, oestrus detection, feeding) was positively correlated with behavioural indicators of fearfulness during pregnancy and negatively correlated with reproductive performance. Yet, correlations between fearfulness and less negative interactions (e.g. 'normal' slaps and kicks) were weaker and those with positive interactions (e.g. patting or stroking) were very low (Hemsworth et al., 1996a) . Attempts to improve the quality of the human-pig interactions by an educational program of stockpersons failed to increase the reproductive performance of pigs despite a success in terms of percentage of negative interactions performed and of sow fearfulness level (Coleman et al., 2000) . Similarly, in a more classical experimental study, positive handling (petting, food reward and gentle talk) during 11-13 d at the end of pregnancy did not change the behaviour of sows in early lactation or their reproductive performance (numbers of stillborn, live born and crushed piglets; Andersen et al., 2006 ).
When relationships between the level of fearfulness and reproductive variables were analysed at the individual level, significant positive relations were established between the fear level of sows towards humans at 8 wks of age and the later inter-birth intervals when they farrowed. Fear from humans could be associated with more fearful or stressed temperaments. Tendencies for a positive relation between sow fear level and the number of stillborn and neonatal mortality were also reported (Janczak et al., 2003) . Similarly, Lensink et al. (2009b) observed that the number of crushed piglets at first farrowing tended to increase with greater fear levels from humans measured in sows either at 6 mo of age or at the end of pregnancy. These same authors also showed, in a second study, a significant correlation between withdrawal reactions from humans measured at the end of pregnancy and crushing level of piglets in early lactation (Lensink et al., 2009a) .
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However, the level of fearfulness also increased with parity number of the sows so that the effects of fearfulness vs. parity could not be dissociated. Indeed, the incidence of crushing of piglets is also known to increase with parity due to increased bodyweight and lameness of sows (Prunier et al., 2014; Weary et al., 1998b) .
Several experiments were conducted to test the hypothesis that a high level of fear stimulates the adrenal axis which will, in turn, inhibit the hypothalamo-pituitary-ovarian axis. Development of the adrenals (measured as the surface area of the cortex or weight of the glands), and plasma concentrations of cortisol (free or total) in basal situation or in response to a stressor or to an adrenocorticotropic hormone (ACTH) injection were measured in growing pigs submitted repeatedly (0.5 to 5 min/d during 3 to 5 d/wk and 3 to 12 wks/pig) to various types of human handling (Gonyou et al., 1986; Hemsworth and Barnett, 1991; Hemsworth et al., 1981a Hemsworth et al., , 1986a Hemsworth et al., , 1987 Hemsworth et al., , 1996a . Results indicate clear signs of chronic activation of the adrenal axis when pigs are submitted to an aversive treatment including electric shocks. However, when comparing minimal interactions with positive interactions (due to tactile stimulations such as rubbing or stroking) or negative interactions (due to daily intra-muscular injections), differences related to the adrenal axis were rarely significant (Gonyou et al., 1986; Hemsworth et al., 1986a Hemsworth et al., , 1987 Hemsworth et al., , 1996a . In early pregnant gilts, free and total cortisol concentrations were greater in aversively-than in positively-treated gilts (Pedersen et al., 1998) . When measured in gilts having minimal contacts with humans, cortisol concentrations were generally closer to those of positively-than aversively-treated gilts. Nevertheless, the negative influence of hormones from the adrenal axis on the various components of the reproductive axis has not been clearly established (Turner et al., 2005; Von Borell et al., 2007) . Therefore, the impact of the quality of the human interactions on the reproductive performance of gilts and sows should be researched in situations that are not extreme in terms of repeated aversive interactions imposed by humans.
It can be assumed that a high level of fear of humans by pigs complicates many husbandry tasks and renders them less efficient. For example, if sows have a high level of fear, they will get excited at the approach of humans during farrowing which will increase piglet mortality via longer farrowing or greater crushing incidence. Indeed, comparing outdoor herds with a low (<16.5%) or high (>16.5%) piglet mortality rate during lactation, Berger et al. (1997) observed that the percentage of farmers watching sows at parturition was greater in the group of herds with the higher mortality. This may be interpreted as a negative influence of the human presence disturbing the farrowing process. It may also be assumed that farmers with a herd having a higher mortality rate make more efforts to reduce it and hence are more present at farrowing in order to assist the sows. If both hypotheses are true, a negative vicious circle will be established.
Finally, it can be postulated that the behaviour of stockpersons towards pigs is positively related to their technical skills (Figure 12 .1). Such behaviours of the stockpersons were found to be related to their general beliefs and attitudes about pigs (Hemsworth, 2003) . Significant relationships between personality traits (e.g. self-assured, self-disciplined or emotionality) and reproductive performance of sows were also demonstrated (Ravel et al., 1996) . In addition to those personal features, it is very likely that the organization
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of the work and the conception of the housing and equipment either facilitates or complicates the work of the stockpersons with the animals, hence influencing the quality of the human-animal interactions and the efficiency of the tasks performed (Figure 12.1) . Therefore, quality of the interactions with the pigs and quality of the work performed by the stockpersons are probably highly interrelated. To our knowledge, there are no scientific data to substantiate this hypothesis.
Improving human-animal interactions based on a better understanding of the animals' expressions
Even if there are many potential negative situations involving handling of pigs, there are different ways to perform these tasks depending on the environmental constraints and also the human attitude (Hemsworth and Coleman, 2011) . One way to overbalance the negative interactions inherent to pig management could be to strengthen the understanding of the ways pigs express their needs. Indeed, pigs are quite expressive in their behaviour, which is indicative of their perception of the situation (discomfort, A. Prunier and C. Tallet agreeability etc.). Humans are receivers of these expressions and could interpret them to react accordingly. There are evidences from empirical studies that there is some contagion of emotion (both suffering and happiness) between pigs and humans, suggesting some understanding of the pigs' state by stockpersons (Fiorelli et al., 2012; Porcher, 2011) . Some publications showed that humans are sensitive to signals from pigs and attempt to interpret their meaning. For example, the vocalizations emitted by piglets during a painful practice such as surgical castration can be interpreted by humans as indicating a strong emotional state with a negative valence (Tallet et al., 2010) . Interestingly, pig caretakers seemed to interpret these vocalizations less negatively than naïve students and more experienced ethologists. The repeated hearing of these negative sounds may lead to habituation (Talling et al., 1998) but stockpersons may also use a kind of psychological defence to protect them or detach them, such as exhibited by veterinary students towards animal suffering (Paul and Podberscek, 2000) .
Body language of animals is also of importance in the evaluation of their emotionality. Welmesfelder and her colleagues developed a method to assess the animal as a whole using videos, the so-called 'qualitative assessment' method, to evaluate emotionality (Wemelsfelder, 2007) . Its efficiency to evaluate emotionality of many species, including pigs, has been proven (Wemelsfelder et al., 2000 (Wemelsfelder et al., , 2003 (Wemelsfelder et al., , 2012 . Indeed, results using this method are correlated with quantitative observations of behaviour such that, for instance, animals can be classified as nervous, tense or fearful. In addition, this evaluation is highly repeatable and does not seem to depend on previous experience of humans with the animals (Wemelsfelder et al., 2012) .
Consequently, stockpersons can perceive and interpret the signals emitted by pigs, and this can be a basis for them to adapt their contacts with the animals, provided they do not develop an indifferent attitude towards the pigs. Such an understanding of pigs' behaviour should be used to develop practical solutions when a stockperson faces an animal expressing negative states like fear or pain; the aim being to decrease those expressions associated with poor welfare. Such an adaptation should benefit the pigs but also the handler. Indeed, humans are sensitive to pigs being in a positive state (Fiorelli et al., 2012; Tallet et al., 2010; Wemelsfelder et al., 2012) . Developing a better understanding of the pigs' needs by the stockpersons handling them could lead to less negative reactions from the pigs which could, in turn, help to increase the satisfaction of workers since there is a direct link between animals' behaviour and job satisfaction (Hemsworth and Coleman, 2011 ).
Conclusions
Interactions between sows and humans occur throughout the life of sows and may influence the subsequent way the sows will react to humans, especially their fear reactions. These interactions are not evenly distributed during the sow's life but occur more frequently at special moments: shortly after birth, around breeding (oestrus detection, artificial insemination), and around farrowing. The quality of the sow-human interactions may influence the reproductive performance of the animals via different types of mechanisms including the establishment of a chronic stress in sows, which is detrimental for the reproductive axis, difficulties for stockpersons to efficiently perform husbandry tasks, and nervousness of the sows that may induce piglet crushing shortly after farrowing. The quality of these interactions not only influences the welfare and performance of the sows and piglets but also the way stockpersons perceive their work. Once more, various types of mechanisms may be involved, including the contagion of emotions between humans and animals, and the stockperson satisfaction to perform properly a task or to obtain better reproductive performance from the animals. Therefore, improving the quality of the interactions should benefit both the humans and the animals. Various levers could be activated to improve these interactions. As demonstrated by Hemsworth and co-workers, improving the attitudes of stockpersons by learning programs holds much promise (Coleman et al., 2000) . Improving the conception of buildings and equipment should also contribute to better human-animal interactions. This is of particular importance when transferring pigs from one pen or building to another (Hemsworth, 2007) . The organization of the tasks to be done and decisions regarding the management of the piggery are also of importance since they will influence the workload and hence the ability for stockpersons to work with ease.
